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WHY AN ELA OPERATIONS TEST BED?

IF A CONCURRENT ENGINEERING APPROACH TO DESIGN IS TO BE

USED, THE LAUNCH SITE OPERATIONS CUSTOMERS WILL NEED TO

GAIN KNOWLEDGEy SKILLS AND ABILITIES IN THE FOLLOWING

AREAS:

•

•

SKILL IN HANDLING HIGH POWER BUSSES

SIGNAL MEASUREMENT BETWEEN LRU'S

GSE REQUIREMENTS & CHARACTERISTICS

SWITCHING AND BUS REDUNDANCY/ISOLATION

CHARACTERISTICS

KNOWLEDGE OF POWER SOtJRCE CHARACTERISTICS

=

o

St

BATTERY HANDLING AND MAINTENANCE

FLYWHEEL OPERATION

ABILITY TO HANDLE PERSONNEL SAFETY ISSUES

BATTERIES

HIGH VOLTAGE LINES

KNOWLEDGE OF ACTUATOR OPERATION

- LOCKING OPERATION AND CHARACTERISTICS

- ACTUATOR INITIALIZATION

- GENERAL OPERATING CHARACTERISTICS

(CURRENT MONITORING / TORQUE EQUALIZATION /

VELOCITY SUMMING)

EXPERIENCE IN SYSTEM-LEVEL ISSUES

DATA MANAGEMENT

FAULT MANAGEMENT

ENERGY MANAGEMENT (CHARGE/DISCHARGE CYCLES)
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FROM ITW! SPIROID 22? 0535 "" _ '992 18:45 P. 2

rrws_
An IIW_(_,I_WWorks
2801North KeekDr_w
Ch;_lgQ, rlF]rzgb 60638

n- Spiroid

ITW Splroid, A Division of Z1llnols Tool Works, is a,_nufacturer

of proprietary, custom 8ear forms, roller screve, and index rings.
These products come In the form of $plrold + Helicon right angle
gearing, Concurve spur gears, Splracon %oiler screws, and Eudlcon
index %ings.

ITW Spiroid provides the_ products for a large number of diverse
applications. Approx_cely 50Z of ou% volume goes to both military

and commerclal_arkets. _llitary applications include such equipment
as the Apache Helicopter, _109 Hoviczer, P15 Fighter Aircraft, and
the Harpoon and l_AHHissiles. Can_ercial applications include Hand
Tools, Laser lme&Ang Devices, Hachlne Tool + F1xturlng Devices,
Tundlsh Car Actuators, and Alxcraft Flap Actuators.

Spi_oid{Helicon - Light Angle Gearinz

Spiroid
10:1 - 400:1

High Contact Ratio

Hisher Capacity
Good Efficiency

Helicon

4:1 - 400:1
Hish Contact Ratio

High Capacity
3etter Eggictency

Poselble Cross _sft Deelgn
Backlash Control

_aterlal Variability

These gear forms have the widest center distance Of any right angle,
£ace type Seer form thereby producing the highest contsct ratios
possible. This allows for high capacity in small space envelopes
thus a££ecting packaging, yacht, end pover density.

Concurve Spur Tooth ,Gears

This sea_ form is a variation o£ an involute spur tooth fcrm vhere the
tooth profile has s relatively constant radius of curvaeurs from the
tip o_ the tooth to the tootof, the tooth. This distr_butes the

contact stress evenly up ÷ 4o1_1 the _ooth flank. _nvol_t@ spur sear
teeth tend to have ever _nc_easing contac_ stress as you move from
Sip to root o£ the tooth.

8pirokl. He41O_ Gofz:me and Splrscon sm mg_md _Ow_r_ _ _ b _ t_lemsrk or _$ ToolWorks kw.

m m ;i

616
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i

The even dlstrlbut£on of sereee In Concurve gears allows £or higher
loads and lower numbers of pinion eeeth due to this feature.
Therefore, pinions vlth as £ew as 4 teeth and ratios up into the
20'e=l are posolble. Re=oval of gear passes, higher loads, higher
ratios and downsi_in 8 are all possible.

Sptracon Roller Screws

Sptracou Roller Screws offer several advantages over Ball Screws and
Acme Screws. The basis for these advantages lie in a discussion of
the type o£ contact that exists between members within the nu¢ itself.

Acme Screws have llne contact between members. They have great capacity
_or this reason. However. there is so much contact and with the elements

eliding upon each other, the efficiency is extremely low, usually around
20X. Thus =otors tend to be very large Co overcome this ±nefftciency.

Ball screws have point type contact between members. Imasine a ball
riding £n a trough of slightly larger curvature. A small point exists
between these two members upon wh_ch the load v111 be carried. For

th_s reason they have limited capacity. Howeve¢, due Co this small
coneact area and the rota¢_on of all Incernal components, ball screws
are general_y very e_ficlenc.
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$piracon Roller Screws have line type contact between members.

These lines create a large area over which the load is carried

thus decreasing the stresses on the components. Higher capscit_es,

longer life and reduced size ere all possible. All internal

compdnents do rotate however, because o_ _he increase i_ eon_axt

ares, roller screws are slightly less efficienz chat ball screws.

HOUS];NG. . -_____.?.__ _ / ,

ROLLER - _ "'--- m_-'r-m_ ]_il,, "_"N_\\_,_cx_l_ i._

COVER , - - "_

LOFID BERR ING

i_ .THRUST BERRING

HOUNT ING HOLE

_-_SCREN

SPIRF 30N-ROLLER SCREH

Endlcon Index Rings

Endicon Index l_#,nss consist of 2 =irror image gear halves with teeth

machined such that intimate contact exists between the two halves.

_ey can be used as indexing dev_cesp couplings, xenterinS devices,

etc. They have been used previously iu such applications as Indexing

Tables, Multi-Stase Tu¢_ine Blade Alignment devices, Robotic end

e££ector Joints and Blind Assembly Robotic couplings.
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Ha TEXTRON )NC.

A SU881OIARY OP tEXTRON INC

25200 wliST RYE CANYON ROAO • V_LII_CtA, C_LIFORNIA I1_lGI;

I10_) 259.40:30 • TWX910.33il.t431 • TeL(Xlll;,'14111=

DOCUMENT NO. HR77700072

P/N X4t0091 I0

Date $EP I $ 11)92

EX"TENDED LOCKUP TEST (ATP para. 4.11.4)

Operator _ _

Comments Loaded

S/_" 2_ oo\ .

Item

!Load Direction Sense

Load

Reduced Power

Encoder Reading (Start of Lockup

Required

CCW

• MOVA

Minimum

1894 + 2 bits

Encoder Reading After l0 Min Lockup / / t / / / / 1 / / / /
, , ,, , , m,

Total Drift After I0 Min Loekup 82 bits max
- - -- • n

Load Direction Sense Active
.... an

MOV Load Remove

Actual

dC_.O

/ J',,/&

,4 c f / /,E

f¢z m o V_

PAGE NO.
53
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H I:I |i_:_ i _,] _I
_ T£XTRON I_¢.

A SUISIO4A_Y O_ T_XTRON IN¢

25300 WIlT _Yi CANYON ROAC) • VALIrNClA. CAI. liCOPINIA llllSl

111061 Z_1-4030 • "I'WX lI0.]_6 1431 • ?I;LC'X |$114B_

DOCUMENT NO.

_' 7

HR77700072

P/N X410001 I0

Date SIP 1 5 1992

ACTUATOR SLEW RATE (ATP Pasa 4.9)

(Page i of 3)

Operator _

Seria/No. X O_ 1

Comments: Loaded

Required

(Failsafe $_vitch
o_ly Energized)

(Failop and
Failsafe Switch

Energued)

Shaft
Position

Open-Close.
Open

Oper,-Close-
!C:ose

C.ose to

Open

Open to
Close

Reversal tO
Closed

i R_'versal to

Opened

Input
Signal

+30 :t:1
mA

-3o

+3o

-3o

|

MFVA
Load

MOVA
i Load

Fig. 11

Data Fig.
1

"Data Fig.

Data Fig.
3

IData Fig.

Slew Rate
%ISec

143 m/n,

340 max,

t

PAGE NO.
39

PAGE R.EVISION LE'T'TER

EO 0_6
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.-'-r-' c,- ..:,z _.r_:;-_- _FTE 7r-',)Ii

xR_
MR TEXTRON INC

A SUIllSIOIARY OF TEXTRON INC.

_200WEST RYI[ _ANYON FIOAO • VALENCIA. CALIFOANIA |131;S

1110151 ]lg.iO_lQ * TWX 910._13Q. li:UI • TELGX GS/14g_

DOCUMENT NO. HR77700072

ACTUATOR SLEW RATE (ATP Para 4.9)

(Page 2 of 3)

P/N X41009L10 .5/_ Xoo I

1 2.00v 2 z.r_w --o.oos k_x:_/ 5_lfl !Fro!
Tp
:, I _'2 : : :

, , : 4. : L-2
"It

: _" , _ _. :.o
_ _. ,, L _ ...... tier output)

', ,,i ;

I. :./.... ' : _ _ _. __

1 ; ] '

.......... , .............. I.................... .,. ...................... , ................ ,TO OPEN"
....... ,, ...................... , ........ _ ........ i ......... i ......... i ............

" ; " : : i
aL I ; i, :

t l = 20.O(_n$ t2 = 3 12.0ram &t = 292.Oms liar = 3.4Z"5 elZ

_ Z 2.oov *-o.,>), 20oi/ __r_jl#2STOP 3o_

" i it .... 2

)÷

i i" : ...... Ut)

,---; .:_............. .-... - :. _., .:;..-...-...: ............. .,.:f - z

ix_kii . 7; : i// CLOSED........ .................................
I ,* ;

i ; !
I _ :

,i, l

[_ _'_

"I. (_ "2.. millisecoads

Vdc/div

sec'div

millL_conds

Vdc./div

secldiv

PAGE NO.
4O
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,..,REEEE:]
wm rRXTAON iNC

A SUISJDIARY 0 le "tEXTRON INC.

2S200 wEsT RYE CANYON IIIOAO * VALENCIA. C.,ALIt:OANIA 913|0

UIOS} 259.4030 * I"WXtIO3.3Q. 1431 * TILIX66/1412

DOCUMENT NO.

F._

HR77700072

ACTUATOR SLEW RATE (ATP Para 4.9)

(Page 3 or' 3) 3EP t $ t9_2

P/N X410091!0 _/_ XOoi ©
.... . 2 .z.oov ,--o,,oo_ 2,o_. K s_I_Z STOP

. : T : : i

..... i .... . -," -. .... ;. !..!..'..-14

' .t i : :.: __/._ . Vdc/div

/,
..... '"_' .... 1'" ""l" '"" ,'"' '+' '' "1"''' I" ' " i, '_1' ,I,,, sec/div

........."" ....___"_-:-""......"...... :__..... 7_............_..... '__..."7_,',................_"'I'"-_"I'"
....... T ......... ' ....... ' .......... _" ) OPEN"

• : : t

, ..... ; .... , ........ _ ....... ; ...... : ....... _ ...... ,..J.
:

• .. A " l

t l : 1.3.56 5 t._ = 1,704 m At = _8.0ms I/_t = 2.87'4 H_

I 2.oov 2 2.oov .-o.oo._ zoc_/ 9n91_1 STOF

- ; , J

..... _ ..... _........ i......,. ; , . I......

l

• ._......__ -- .:. _. .._ _ : . ;• _ ........ _ ..... ...... .:_. .... : ...... ; ......
/ : .,t. . : "%, , . ,

.-_ .... - -- ........ -2:-":.-.--.... -:,:".'.'.:r."" ""

I ........... ' ..............., : s

I _ " .; ...... i ..... _ _- "'J " "
. o I

4, 1 :

t l = I 244 _ t2 = : ._44 Z ,",1: = 300,Om_ l./(_t = 3,_ PIZ

_ 0 _ millisecoads

Vdc/div

:)

OSED

secJdiv

PAGE NO.
41
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a

DOCUMENT NO. HR77700072

PNEUMATIC SHUTDOWN DATA SHEET (ATP Para 4.11.3)

P._" X4t009LI0

Date 3EP 1 5 1992 Operator (_L'_)

Serial No. )< Oql

Comments: L e_

Item Required Actual

Pneumatic Pressure, psig 695 ± 10 _ t);5"

Stanlng Eacoder, bits"

Ending Encoder, bits"

Shutdown Time, sec

MPVA.,

MPVA

2185 to 2196

2168 to 2179

256 to 299
i

253 to 276

1.17 to 2.27

• Cross out non-appLicable line.

i

i

#- :
a

1 :

.... ................... ci....... J-

;_2.00v ,-c,.OOs -=0¢'I/ 5ngi:J;2_OP

...... ;i _ i ., ..... _

.L_' _. __ _ __ _: _- _ • ,_ _

J 1"

: I: I ! !

' I r !

' li r :
r

tt = -IZ0.C,m_ t2 = 1.450 _ At. : 1.580 ._ 1/5"C = 632.._t-_,Z

._1

PAGE NO.
49
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,_,,,,

xFa 
MR TIXTRON iNC.

• gUil$1OlJI, RY O; TI_xTRON INC.

IS|00 w|3'r RYi CANYON IIOAO • VAI._NCIA. ¢.ALIFORNIA 913|!

i|Omjl ZBI,410_ • rwx 110 ]_111-14_I • TELP'X I181_4112

DOCUMENT NO. HR77700072

P/N X410091 I0

Date

FAIL.OPERATE PEtLFOILMANCE (ATP Para 4.1I)

$EP ! 5 1992 Operator __

SerialNo. _ O O I

Comments: Loaded

[tern

# i Input

# 2 Input

Fail-Op Energized

FailsafeEnergized

Ending Encoder Reading
,, ,, _

Required
_, , , ,,

+ 24 M amp

-24 M amp

20 M amp
. , ...

20 M amp
m

78 bits max.

Starting Encoder Reading

Diff. = Uncontrolled

Actuator Travel

Actual

77,.7, ...

7xe

/q

Encoder Reading @ Travel Reversal:

Eacoder Reading @ Fai/-Op Energlzed:

A Position = UncontrolledActuator Travel:

.....7,,77

7o"8'

Bits

Bits

Bits

PAGE NO.
43
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LIST OF ATTENDEES

Mr. Randy L. Bickford

Aerojet Propulsion Div

D/5154, B/2019 A
P. O. Box 13222

Sacramento, CA 95813-6000

Mr. Matthew J. Lister

Aerojet Propulsion Div

D/5280, B/2019
P. O. Box 13222

Sacramento, CA 95813-6000

Dr. James L. Start

Aerospace Corp
MS 559
3350 E.EI Segundo Blvd

E1 Segundo, CA 90245

Mr. Jaime B. Fernandez

Allied-Bendix

#150

1525 Perimeter Pkwy

Hu_tsville, AL 35806

Mr. W. W. Fellows

Allied-Signal

Dpt. 93240, EMA
2525 W. 190th

Torrance, CA 90509

Mr. Andrew C. Ptaehnik

Allied-Signal

Dpt. 93240,MS:T-53
2525 W. 190th

Torrance, CA 90509

Mr. John Wada

Allied-Signal

Dpt. 93240,
2525 W. lg0th

Torrance, CA 90509

Mr. Larry E. Sheaks

Allied-Signal Aerospace
Suite 150

1525 Perimeter Pkwy

Huntsville, AL 35806

Mr. David A. Thompson

Allied-Signal Aerospace
1300 W. Warner Rd

Tempe, AZ 85284

r

Mr. Peter A. Van Hoff

Allied-Signal Aerospace
Suite 150

1525 Perimeter Pkwy

Huntsville, AL 35806

Mr. C. C. Chi

Allled-Signal AIResearch Div
Dpt. 93240,
2525 W. 190th

Torrance, CA 90509-2960

Mr. Collin Hugger

Allied-Signal AiResearch Div

Dpt. 93240,
25_5 W. 190th Street

Torrance, CA 90509-2960

Mr. Mike Kirkland

Allied-Signal AiResearch Div
Dpt. 93240,
2525 W. 190th

Torrance, CA 90509-2960

Mr. Allen Young
Allied-Signal AiResearch Div

Dpt. 93080, T 45
2525 W. 190th

Torrance, CA 90509-6099

Mr. Haley Rushing
P. O. Box 3999

Seattle, WA 98124-2499
P. O. Box 21206

KSC, FL 32815-0206

Mr. R. Mark Nelms

Auburn University

Electr. Engr. Dept.
200 Broun Hall

Auburn, AL 36849-5201

Mr. John Anderson

Boeing Aerospace Co
MS 8C-09

Mr. Arun K. Trikha

Boeing Aerospace Co
MS 60-HP,Actuation
P. O. Box 3707

Seattle, WA 98124-2207
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Mr. Jeff Ring

Honeywell SS Group

948-5

13350 U.S. Hwy 19N

Clearwater, FL 34624-7290

Mr. Jack A. Battenburg

HQ JPO/NLS USAF

BMO/NLS/ADP

U SAF

Norton AFB, CA 92409

Mr. Ron Boe

HR Textron

252000 West Rye Canyon Rd

Valencia, CA 91355

Dr. William Gentry

Johnson Controls

X-35

5757 North Green Bay Ave

Milwaukee, WI 53201

Mr. Douglas Pierce

Johnson Controls

X-35

5757 North Green Bay Ave

Milwaukee, WI 53201

Mr. Keith A. Holden

Lockheed - HSV Engr. Ctr.

Missiles & Space, Ste.220

6767 Old Madison Pike

Huntsville, AL 35806

Ms. Lydia J. Wenglar

Lockheed LESC

MS: C 87

P. O. Box 58561

Houston, TX 77258-3711

Mr. Sabbie A. Hossain

Lockheed/ESC

M/C-C 87

2400 NASA Road 1

Houston, TX 77058-3711

Mr. Charles M. Miller

Lockheed/KSC
LSO 215

ii00 Lockheed Way

Titusville, FL 35780

Mr. Zygmunt Zubkow

Honeywell SS Group
948-5

13350 U.S. Hwy 19N

Clearwater, FL 34624-7290

Capt. Frederick Wylie

HQ JPO/NLS USAF

BMO/NLS/ADP
USAF

Norton AFB, CA 92409

Mr. Kurt Niederpruem

ITW Spirod

2601 N. Keeler Avenue

Chicago, IL 60639

Mr. Lawrence Haselmaier

Johnson Controls

Bldg. 4010

SSC

Stennis Space Ctr, MS 39529

Mr. Bob Brogdon

Lockheed

5251 Hermitage Dr

Marietta, GA 303...

Mr. Wayne T. McCandless

Lockheed LESC

MS: C 87

P. O. Box 58561

Houston, TX 77258-3711

Mr. Michael W. Bradway

Lockheed/ESC

M/C-C 87
2400 NASA Road 1

Houston, TX 77058-3711

Mr. Wayne N. Heath

Lockheed/KSC
LSO 212

ii00 Lockheed Way

Titusville, FL 35780

Mr. Sanford Goldstein

Lucas Western

P. O. Box 2207

610 Neptune Avenue

Brea, CA 92621
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Mr. Jonathan C.C. Chao

MDSSC

A3/L243-12/2

5301 Bolsa Avenue

Huntington Beach, CA 92647

Mr. Norm Osborn

MMC, EMA

T 330

P. O. Box 179

Denver, CO 80201

Mr. Dave Wilks

MMC, EMA

T 330

P. O. Box 179

Denver, CO 80201

Mr. Bob Ewel

Moog Inc

Miss. Syst.Div.
Plant 20

East Aurora, NY 14052-0018

Mr. Jerry Kraschinsky

Moog Inc

Miss. Syst.Div.
Plant 20
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